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应对 DNA 双链断裂，有一系列蛋白被激活，募集到 DNA 损伤的区域进行
DNA 双链断裂修复（DNA double-strand breaks repair, DSBR）。最近的研究热点
集中在两种修复方式中，同源重组（homologous recombination, HR）和非同源末
端连接（non-homologous end joining, NHEJ）。两种修复方式的选择与细胞周期相
关，并被严密调控[3]。 
本文应用免疫共沉淀联合质谱分析的方法寻找 DSB 相关的新蛋白，找到了
有参与此通路潜力的锌指 MYM 型包含蛋白 4（Zinc Finger MYM-Type Containing 
4, ZMYM4）并从免疫荧光，抗体种型转换，端粒等功能进行了验证。并进一步
对 ATM 磷酸化，53BP1 和 RIF1 的上下游关系进行探索。我们发现 53BP1 的被
磷酸化的位点对于共济失调毛细血管扩张症突变蛋白（Ataxia telangiectasia 
mutated， ATM）的激活是必须的，且复制时间调节因子 1（Replication Timing 
Regulatory Factor 1，RIF1）被募集进入 DNA 双链断裂（double strand DNA break， 
DSB）复合物中，p53 结合蛋白 1（p53-binding protein 1，53BP1）的磷酸化是相























In eukaryotic cells, maintenance of genomic stability is the most important action 
in the whole lifespan. Cells are constantly under threat from the physical and chemical 
of DNA damageing agents. The most cytotoxic forms of DNA damage type is DNA 
double-strand break (DSB). Unrepaired DSB will cause genome intergrity, apoptosis, 
chromosomal rearrangements, oncogene activation or tumor suppressor genes 
inactivation. 
A series of proteins were activated and recruided to DSBR reagion. Recent 
research focuses on two types of repair, homologous recombination (HR) and 
non-homologous end joining (NHEJ). The choice between the two repair methods is 
related to the cell cycle and is closely regulated. 
In this paper, we use the method of immunoprecipitation combined with mass 
spectrometry to screen the new protein related to DSBR. We found the protein 
ZMYM4, which was involved in this pathway, and verified the function by 
immunofluorescence, class switch and telomere fusion. Further study on the upstream 
and downstream of ATM phosphorylation, 53BP1 and RIF1. We found that the 
phosphorylation site of 53BP1 is necessary for ATM activation and RIF1 recruited 
into the DSB complex, and phosphorylation of 53BP1 is upstream of ATM activation. 
For even 53BP1 simulated still can not recruit RIF1. This has an enlightening effect 
on subsequent research. 
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造成 DNA 双链断裂。 
 DNA 初级结构损伤时，可以用 DNA 双螺旋（DNA double helix）两股中的
反义链为模板进行修复，真核细胞对于这种损伤，已经发现数个完善的通路。碱
基切除修复（base excision repair, BER）、核苷酸切除修复（nucleotide excision 
repair, NER）、错配修复（mismatch repair, MMR）、单链 DNA 断裂修复（single 
strand break repair, SSBR）等方法可以维护 DNA 结构的稳定性和遗传信息的准确
[5, 6]。 





源重组（homologous recombination, HR）和非同源末端连接（non-homologous end 
joining, NHEJ）等，同源重组修复中会使用细胞内另一条对应的染色体中未被破
坏的部分作为模板进行精确的修复。其启动时机依赖于细胞周期，在 S 期和 G2
期较为活跃。非同源性末端连接中，不需要另一条染色体作为模板，在修复时直
接将裸露的 DNA 双链断裂末端通过形成触点（synapse），在 DNA 连接酶的作用
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